Development of desiccation tolerance and vitrification by preculture treatment in suspension-cultured cells of the liverwort Marchantia polymorpha.
Some cultured plant cells are able to acquire tolerance to various stresses when they are cultured under suitably controlled conditions. Induction of a high level of desiccation tolerance in suspension-cultured cells of the liverwort Marchantia polymorpha was examined for studying the mechanisms of desiccation tolerance and vitrification at the cellular level. Desiccation tolerance level of cells was very low and the survival rate was less than 10% after exposure to drying below 0.1 g H(2)O g(-1) dry weight (DW). Preculture treatment in 0.5 M sucrose medium was the most effective method for inducing a high level of desiccation tolerance in cells and the survival rate was 87% even after being desiccated to below 0.1 g H(2)O g(-1) DW. Preculture treatment caused alteration of cell structures and accumulation of a large amount of sucrose and newly synthesized proteins in cells. Abundant sucrose and preculture-induced proteins were necessary for full development of desiccation tolerance in the cells. When water content decreased to below 0.1 g H(2)O g(-1) DW, desiccation-tolerant cells that had been precultured were vitrified above 0 degrees C and maintained stable viability. We have succeeded in the induction of desiccation tolerance that allows formation of intracellular glass with cell viability at ambient temperatures by controlling culture conditions, and our results suggest that suspension-cultured cells of M. polymorpha are useful for studying cellular mechanisms for the development of desiccation tolerance and the stabilization of vitrified cells.